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(57) Abstract: The invention relates to a modular drug de- 
livery system, comprising a reservoir unit and a control unit 
in combination with at least one further reservoir or control 
unit, whereby each combination of a reservoir unit and a 
control provides different capabilities. More specifically,the 
present invention provides a system for delivering a drug to 
a user, comprising a reservoir unit, a control unit, and at least 
one further reservoir unit or control unit, wherein each reser- 
voir unit is adapted to receive at least one command from a 
control unit and perform an action in response thereto, and 
comprises a reservoir adapted to contain a liquid drug and 
includes, in a situation of use, associated outlet means. The 
system further comprises expelling means for expelling a 
drug out of the reservoir through the outlet means. Each 
control unit comprises control means providing one or more 
commands for controlling the operation of a reservoir unit, 
wherein each combination of a reservoir unit and a control 
unit is adapted to provide a system with different capabili- 
ties 
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MODULAR DRUG DELIVERY SYSTEM 

The invention relates to a modular drug delivery system, comprising a reservoir unit and a 
control unit in combination with at least one further reservoir or control unit, whereby each 
5 combination of a reservoir unit and a control unit provides different capabilities. The system 
may be adapted for subcutaneous or intra-dermal infusion of a liquid formulation of an active 
ingredient such as insulin. 

BACKGROUND OF THE INVENTION 

10 

In the disclosure of the present invention reference is mostly made to the treatment of diabe- 
tes by infusion of insulin, however, this is only a preferred use of the present invention. 

By treatment of certain medical conditions, such as insulin treatment of type 1 or 2 diabetes, 
15 either a conventional syringe can be used, or an injection device into which a cartridge con- 
taining the drug to be used is contained. The best known and mostly used injection device for 
this purpose is "pen M -formed devices typically used for treatment of diabetes types 1 or 2, 
where the pen can be considered a manually actuated pump serving as the infusion means 
for the cartridge. 

20 

A different class of devices is in the form of automatic infusion pump devices, also known as 
infusers, which are devices carried by and connected to the user through a catheter or hypo- 
dermic needle. In its simplest form the infuser will provide continuous delivery of the drug at a 
desired-rate^however^more-reGenWnfusers-can-be-programmed4o-infuse4he-drug-in-aGGor- 
25 dance with any desired infusion profile, just as the user manually can modify the infusion pro- 
file by, for example, adding bolus doses in relation to the meals. 

The pump offers the possibility of good control of blood glucose concentration as it may 
simulate the course of the insulin production by a non-diabetic. However, the use of insulin 
30 pumps has been rather limited as the pumps have been expensive to manufacture as well as 
complex to operate. In an attempt to provide improved user friendliness, an early infuser 
used a cartridge similar to the ones used in the pen devices which meant that loading of the 
cartridge into the pump mechanism was rather cumbersome just as the need to keep track of 
the batteries not running flat added to the complexity experienced by the user. However, later 



WO 03/026726 



PCT/DK02/00616 



2 

infusers have mostly been designed with reservoirs which have to be filled by the user just 
prior to use. 

Further, as more and more programming features were added, this complexity alone made 
5 the infusers unsuitable for certain group of users. 

Consequently, infusers were developed which tried to alleviate some of these drawbacks. A 
first type of devices addressing these problems had in common the use of some kind of dis- 
posable "cassette" comprising some further means in addition to the mere reservoir, for ex- 
10 ample the so-called "infusion set" comprising the means for introducing the drug, e.g. an in- 
tegrated or pre-connected catheter and/or infusion needle. 

An early example can be found in WO 85/00523 teaching to integrate the power source for 
the pump into a disposable unit, however, the disposable unit further comprises an infusion 
15 line for insertion into a pump head to provide a peristaltic pump, this complicating the mount- 
ing of the disposable unit. 

The problem of mounting a cassette comprising an infusion line for a peristaltic pump is ad- 
dressed in FR-A-2 753 103 disclosing an infusion system comprising a durable pump portion 
20 and a click-on cassette portion. 

US 4 886 499 discloses a portable device which in a preferred embodiment comprises a dis- 
posable unit which can be mounted on a reusable unit in a click-on fashion, the disposable 
unit comprising the drug containing reservoir as well as the pump, however, the battery is 
25 arranged in the reusable unit. 

By integrating even more disposable parts in a single disposable cassette unit the following 
generations of infusers were made increasingly simple to handle, yet providing improved 
functionality of the infuser per se. For example, US 5 984 894 discloses an infusion system 
30 comprising a durable unit forming a housing and a disposable unit containing the liquid res- 
ervoir and an energy reservoir for energizing the pumping function together with all liquid- 
contacting elements of the device. The durable unit is in the form of a housing comprising an 
inner space into which the disposable unit is adapted to be inserted after which a lid is 
closed. 

35 
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On the basis of the above-described two-unit system, US 5 984 894 discloses that the me- 
chanic and/or electronic interface between the disposable and durable unit can be selected 
in accordance with the actual circumstances. Accordingly, the durable unit may comprise one 
or more of the elements: A controlling unit, a display, means for setting the controlling unit, a 
5 drive unit delivering mechanical energy for driving the pump mechanism and a long life elec- 
tric cell energizing the controlling unit. The pumping mechanism may be a complete low cost 
pump, e.g. a piezoelectric membrane pump, which may be disposed of after use. In other 
embodiments the pump mechanism is only the unit comprising a pumping chamber and 
valves, and this mechanism is driven by an electric motor which is integrated in the durable 
10 unit. When the controlling unit is energized by its own electric cell it is avoided that data 
stored in this unit are deleted during the change of the disposable unit. It is possible to ener- 
gize the controlling unit from the energy reservoir in the disposable unit so that only during 
change the energizing is switched over to the long life cell in the durable unit whereby this 
cell only acts as an emergency power supply. 

15 

The disposable unit may comprise sensors measuring the pressure in the catheter directly in 
the outlet from the pumping mechanism. The disposable unit may further comprise a memory 
keeping an account of the amount of liquid left in the reservoir. By enclosing such a memory 
in the disposable unit containing the liquid reservoir, this memory is firmly connected to the 
20 reservoir. This is appropriate if the memory shall be able to keep an account of the amount of 
liquid left in the reservoir. Data in the memory may be read out by the control unit and repre- 
sented on the display. 

The means for setting the controlling unit may comprise a socket with electrical contacts, 
25 which socket is designed to receive and communicate with a plug having corresponding elec- 
tric contacts and carrying a programmed ROM-circuit defining the infusion data. The plug 
may further carry a graphic representation of the infusion data stored in the ROM, i.e. how 
the infusion of a set 24-hours' dose is distributed over the 24 hours. This graphic representa- 
tion may be marks on a transparent sheet so secured to the plug that it covers a watch dial 
30 display when the plug is inserted in the socket, the marks indicating periods with increased or 
decreased infusion. By this construction the user may avoid the relatively complicated pro- 
gramming of the pump as he may plan the needed infusion profile or profiles in cooperation 
with his medical adviser and thereafter he will only have to insert the plug which is in accor- 
dance with his immediate life style. 



35 
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In an attempt to make the infusion device even simpler in use, a number of fully disposable 
infusion devices has been proposed, see for example US 5 527 288 disclosing an intra- 
dermal drug delivery device which is entirely disposable and may be based either on me- 
chanically or electronically controlled infusion means. Although this type of device provides 
5 for improved convenience and safety of use, it would normally be considered too costly to 
incorporate advanced functions such as flow measurement, display means or the ability to 
cooperate with a remote control unit. Addressing this problem, EP 1 177 802 describes an 
infusion device comprising a disposable pump and reservoir unit with an attachable durable 
portion, the latter comprising the control means for the pump. 

10 

As follow from the above description of known devices, it is considered well known to "divide" 
an infusion device into a durable "control" unit and a disposable unit comprising a reservoir 
with a liquid to be infused, the actual mechanical, electrical and electronic interface between 
the two units being the result of a normal design procedure. 

15 

However, considering the infusion devices proposed during the last two decades, it becomes 
apparent that these devices are based upon, literally, "dividing" existing infusers into a dura- 
ble portion comprising the more expensive components, and a disposable reservoir portion 
which is either inserted into a housing or attached to the durable portion in a click-on fashion. 
20 In other words, the developments made hitherto have entirely focused on the object of modi- 
fying existing concepts in order to improve the functionality experienced by the user. 

This said, the present inventors have realised that the above concept of merely dividing what 
has hitherto been considered an infuser of a given type into a durable housing unit and a 
25 disposable cassette unit has lead to a number of restrictions, which restrictions can be di- 
vided into user-relevant restrictions and manufacturer-relevant restrictions. 

From the point of the user, when acquiring a delivery device (typically an infusion pump de- 
vice), it has to be decided which "type" of infuser the user considers to be the most appropri- 

30 ate at the given time. For example, a larger device comprising many features (e.g. program- 
mability or a display) and which is adapted for larger cartridges/cassettes containing a larger 
amount of drug, such a device typically being relatively heavy and constructed to be sus- 
pended by a belt. Examples of this type of infusing device are disclosed in US 5 984 894 and 
FR-A-2 753 103. The user may also choose a smaller device which typically can be attached 

35 to the skin of the user by an adhesive, however, such infusion devices are normally rather 
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small, with restricted capabilities in programmability. An example of this type of infusion de- 
vice is disclosed in US 4 886 499. 



In this way the user is "locked" with an infusing device which may not be the most appropri- 
5 ate under all circumstances, for example, under normal day to day conditions the user may 
prefer a larger device providing many user relevant features such as programmability, a dis- 
play as well as a large reservoir. However, during sports exercise or when it is desirable to 
hide the infuser under light clothing, the appropriate infuser would be a small and simple de- 
vice. 

10 

Indeed, it may be argued that it would be possible to attach a smaller reservoir unit to the 
larger type of infusion device, or to attach a larger reservoir unit to the smaller type of infu- 
sion device, however, this would hardly solve the problem as such infusion devices merely 
would be "a large infusion device with a small reservoir attached" or "a small infusion device 
15 with a large reservoir attached"; correspondingly, such infusion devices are not known in to 
the present inventors. 



It may also be argued that infusion devices today have come down in price such that it would 
be within economical reach for the average user to have the desired number of different de- 

20 vices which would make it possible to just choose the type considered the most appropriate 
at a given time and for a given need. However, in practise this approach is not considered 
attractive by most users for a number of reasons, for example, most users prefer to get ac- 
customed with only one type of infusion device, just as swapping between a number of dif- 
ferent devices would make it difficult to keep track of the amount of drug infused. For these 

25 reasons, in practise, most users choose to live with the type of infusion device considered 
the most appropriate for their average needs. 

From the point of the manufacturer, the practise hitherto pursued means that once it is de- 
cided to which "class" a given infusion device belongs, i.e. small or large, expensive or 
30 cheap, advanced or simple, it will be difficult and/or expensive to adopt a given device to suit 
other purposes. For example, it would be almost impossible to modify a "large-type" infusion 
device comprising pump and control means adapted for longevity, for example as known 
from FR-A-2 753 103, to provide a small and inexpensive device as known from US 4 886 
499. 



35 
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Indeed, a given manufacturer may choose to develop two or more different infusion devices 
each belonging to a given class of devices as discussed above, however, this approach has 
at least two drawbacks. Firstly, it will be expensive to both develop and keep a number of 
systems technologically updated, and secondly, the user may choose different devices from 
5 different suppliers, this meaning loss of business as well as loss of brand loyalty. 

SUMMARY OF THE INVENTION 

Having regard to the above discussion of known infusion devices, the object of the present 
10 invention is to provide a concept for a drug delivery device and system providing a high de- 
gree of flexibility for both the user and manufacturer, allowing the user to modify the infusion 
device or system to better suit the given and changing circumstances, and allowing the 
manufacturer to provide this flexibility in a cost effective and efficient manner. 

15 The present invention is based on the realisation that the "type" or "class" for a given drug 
delivery device or system advantageously can be determined by an actual combination of 
units which allows a given number of inherently provided features (some or all) to be acti- 
vated or made accessible depending on which units of a system is actually combined. Corre- 
spondingly, the invention provides a modular drug delivery system, comprising a reservoir 

20 and delivery unit and a control unit in combination with at least one further reservoir or con- 
trol unit, whereby each combination of a reservoir unit and a control provides different 
capabilities. 

More specifically, in a general aspect the present invention provides a system for delivering a 
25 drug to a user, comprising a reservoir unit, a control unit, and at least one further reservoir 
unit or control unit, wherein each reservoir unit is adapted to receive at least one command 
from a control unit and perform an action in response thereto, and comprises a reservoir 
adapted to contain a liquid drug and includes, in a situation of use, associated outlet means. 
The system comprises expelling means for expelling a drug out of the reservoir through the 
30 outlet means. Each control unit comprises control means providing one or more commands 
for controlling the operation of a reservoir unit, wherein each combination of a reservoir unit 
and a control unit is adapted to provide a system with different capabilities. The term "capa- 
bilities" is used to denote a set of actions or functions resulting from a combination of the two 
units. To provide the described functionality, the reservoir unit comprises receiving means for 
35 receiving the at least one command, and means for performing at least one action. 
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As appears, a plurality of different systems may be provided comprising different combina- 
tions of reservoir unit(s) and control unit(s), a number of which will be described below. 

5 In the context of the present application, a "command" provides or allows a given functional- 
ity, however, a command may typically comprise a series of signals providing a given action. 
For example, a command for a given delivery rate would normally be in the form of a series 
of signals actuating the expelling means thereby providing the desired action, e.g. a series of 
membrane strokes resulting in a given flow rate, or a series of signals controlling the con- 
10 tents of a display. Further, the nature of a command may be "active" such as when control- 
ling a pump or a display, or "passive" when for example information is collected from a sen- 
sor element. Correspondingly, the term "command" may be said to represent a given func- 
tion. 

15 Further, the concept of controlling the operation of the local processor means includes both 
"active" and "passive" control of the commands. By active control is meant that a given com- 
mand is activated, whereas passive control means that a given command is "allowed" to be 
expressed. For example, in case a number of delivery rate commands is provided, then a 
single command may be activated, whereas a command for controlling a display may always 

20 be "on", alone the presence of a display in the control unit will "control" the command. Also, a 
control processor may be used to control other elements than those controlled by a local 
processor, e.g. sensors. 

The set of commands provided by the control means or the local processor means may com- 
25 prise one or more commands controlling the expelling means. In a simple configuration the 
"set" of commands comprises a single command which would control the expelling means to 
expel drug contained in the reservoir corresponding to a pre-determined constant delivery 
rate, e.g. a basal rate, however, several such commands providing different delivery rates or 
profiles may be provided in combination with other commands. The expelling commands 
30 may also comprise one or more bolus commands by which a given volume of drug is infused 
over a shorter period of time. In addition to commands controlling the expelling means 
numerous other commands may be provided, e.g. display commands may control display 
means, memory commands may control in- and output from memory means, sensor 
commands may control sensor means, alarm commands may control alarm means, and 
35 transmission commands may control the transmission of data information. 
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In the context of the present application, the term "different capabilities" is used to indicate 
that the "potential" capabilities are different, however, in case the capabilities are overlap- 
ping, the user may choose to operate a given control unit corresponding to the capabilities of 
5 another control unit, or two different advanced units may be used in the same way. For ex- 
ample, a control unit allowing user-programming of infusion profiles as well as a bolus func- 
tion may be used to activate a simple constant flow rate corresponding to the capabilities of a 
simple control unit. This means that seen from the reservoir unit there will be no difference 
between the two control units. 

10 

In an exemplary embodiment, the reservoir unit comprises local receiving means cooperating 
with local processor means for receiving control commands from at least one control unit, 
where at least one of the control units comprises control processor means, and control 
transmission means cooperating with the control processor means for transmitting control 

15 commands to the local receiving means for controlling a combination of commands. Advan- 
tageously, the reservoir unit comprises local transmission means cooperating with the local 
processor means for transmitting data information to control receiving means in at least one 
control unit, where at least one of the control units comprises control receiving means coop- 
erating with control processor means for receiving data information from the local processor. 

20 The data information may be flow related (e.g. the amount of drug infused or left in the reser- 
voir) or may originate from a sensor incorporated in the reservoir unit, e.g. a blood glucose 
sensor. 

By providing a control processor the flexibility of the system is enhanced, e.g. by means of 
25 the control processor an advanced interface between the user and the available control 
commands can be established just as received data information can be stored, processed 
and used to generate new control commands. 

In exemplary embodiments at least one transmission means and the corresponding receiving 
30 means are adapted for wireless transmission of commands or data information, this allowing 
the control unit to be used as a remote control. In case two-way transmission is provided for 
a combination of two units, both way may function wirelessly. However, for a given reservoir 
unit control units may be provided which are adapted for wireless transmission in one direc- 
tion only but not necessarily the same. Transmission may be based on any suitable technol- 
35 ogy such as RF, IR or induction. 
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In an exemplary embodiment, the reservoir unit and at least one control unit comprise mating 
coupling means so as to allow the control unit to be secured to the disposable unit, the mat- 
ing coupling means including communication means allowing information to be transferred, 
5 e.g. control commands and data information. The mating coupling means may include com- 
munication means comprising one or more of: electrical contacts means, opto-electrical 
means, wireless transmission means, or mechanical contact means allowing information to 
be transferred. 

10 The mating coupling means may be adapted for releasably securing a control unit to a reser- 
voir unit so as to allow the control unit to be readily removed and replaced when desired, or 
the mating coupling means may be adapted for permanently securing the control unit to the 
disposable unit. 

15 In case all transmission of commands and data are performed by wireless means, the reser- 
voir unit is advantageously provided as a sealed unit adapted to resist water to a given de- 
gree, e.g. being suitable for being taken into the shower or for going swimming. 

The control or reservoir unit may be provided with more than one type of communication 
20 means, this allowing a given unit to communicate with different types of other units or to 
communicate with the same unit in different ways. The above-described "advanced" commu- 
nication means may also be combined with means allowing for mechanical communication 
as will be described below. For example, a reservoir unit may be provided with first means 
which allows a simple mechanical control unit to start the infusion process, as well as second 
25 means allowing high-level bi-directional communication between the two units, either the 
same control unit or a different unit. A given control unit adapted for wireless communication 
may also be configured to be matingly attached to the reservoir unit in which case communi- 
cation may still rely on wireless means or may be fully or partly replaced by contact means 
just as additional contact means by be used for transmission of additional commands or 
30 data. 

In an exemplary embodiment at least one control unit comprises an attachable subunit and a 
remote subunit, the subunits comprising transmission means and corresponding receiving 
means adapted for wireless transmission of commands or data information to and/or from the 
35 respective unit(s). The reservoir unit and the attachable subunit comprise mating coupling 
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means allowing the attachable subunit to be secured to the reservoir unit, the mating cou- 
pling means including communication means allowing commands or data information to be 
transferred, whereby commands or data information to and/or from the reservoir unit can be 
transmitted wireless between the remote subunit and the reservoir unit. By this configuration, 

5 the additional costs associated with the provision of wireless communication between the 
reservoir and a control unit can be transferred from the reservoir unit (which may be a pre- 
filled disposable unit) to the durable control unit. A replaceable energy source may be pro- 
vided in the attachable subunit for either energizing the delivery means in the reservoir unit 
or driving mechanical command means arranged in the attachable subunit. Indeed, for such 

10 a configuration the user will have to switch the attachable subunit each time the reservoir unit 
is changed, for which reason the assembled pump unit may be categorized as a semi- 
disposable system. 

The energy source for driving the expelling means and the local processor may be supplied 
15 by a battery incorporated in the (disposable) reservoir unit, however, for environmental rea- 
sons the battery may be provided as a "reusable" unit which will have to be switched each 
time the reservoir unit is changed. In case a control unit is used which is fully or partly (e.g. 
as described above) attached to the reservoir unit during operation, energy may be supplied 
from this unit. 

20 

The outlet means associated with the reservoir may be in direct fluid communication with the 
reservoir (e.g. in case the expelling means is arranged "before" the reservoir as for a piston 
pump) or indirect fluid communication (e.g. in case the expelling means is arranged "after" 
'the-reservoir-as-for-a-membrane-pump)—The-outlet-means-may-be-adapted^o-be-broughHn- 
25 fluid communication with infusion means (e.g. a catheter tubing or transcutaneous access 
means such as an infusion needle, a flexible infusion cannula or a plurality of micro- 
penetrators) or may comprise these. In the latter case the fluid communication may be estab- 
lished just prior to use, before or after the drug delivery device has been arranged on the 
user. 

30 

The delivery device may comprise outlet means being adapted to cooperate with or compris- 
ing infusion means. The infusion means may be in the form of a catheter tubing or transcuta- 
neous access means such as an infusion needle, a flexible infusion cannula or a plurality of 
micro-penetrators. In exemplary embodiments the reservoir is a prefilled, flexible reservoir. 



35 
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Display means may be provided on any of the units or subunits comprising a processor ca- 
pable of driving a display, however, for cost reasons a display may be included only in a con- 
trol unit or, alternatively, in one or both of its subunits. The display means may be used for 
displaying the contents of memory and/or setting means comprised in the delivery system. 

5 

A control may be provided with additional input and output means allowing it to communicate 
with external computer- and/or expert systems, just as the remote may be used in combina- 
tion with a closed loop system comprising a blood glucose sensor. 

10 In a first specific aspect the present invention provides a system for delivering a drug to a 
user, comprising a reservoir unit and at least first and second control units. 

In an exemplary embodiment the reservoir unit comprises a reservoir adapted to contain a 
liquid drug and comprising, in a situation of use, associated outlet means, expelling means 

15 for expelling a drug out of the reservoir through the outlet means, and local processor means 
providing a number of commands. One or more of the control unit comprises control means 
for controlling the operation of the local processor means, wherein each control unit is 
adapted to control a different command or combination of commands, thereby providing each 
combination of the disposable unit and a control unit with different capabilities. In this way the 

20 reservoir unit is provided as a unitary unit comprising both a reservoir and the expelling 
means. 

In the context of the present invention, the term "capability" denotes an "activity", e.g. differ- 
ent reservoir units merely comprising different amounts or types of drug would not possess 

25 different capabilities. 
* 

In a further exemplary embodiment the reservoir unit comprises a reservoir adapted to con- 
tain a liquid drug and comprising, in a situation of use, associated outlet means, the reservoir 
unit being adapted to receive at least one command from a control unit and perform an ac- 

30 tion in response thereto, the system comprising expelling means for expelling a drug out of 
the reservoir through the outlet means. Each control unit comprises control means providing 
one or more commands, in exemplary embodiments including at least one command control- 
ling the expelling means, wherein each control unit is adapted to provide a different com- 
mand or combination of commands, thereby providing each combination of the disposable 

35 unit and a control unit with different capabilities. The reservoir unit may comprise local proc- 
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essor means and at least one electronically controllable element associated with the local 
processor means, the local processor means being controllable by at least one control unit. 

As appears, in contrast to the first described embodiment, the functionality of the reservoir 
5 unit may be fully controlled by the control unit, the reservoir unit merely providing actuatable 
means (e.g. expelling means such as a pump) controllable by commands from the control 
unit. In this context a "command" provides a given functionality and may be of either electri- 
cal or mechanical nature. For example, the reservoir unit may comprise a membrane pump 
being controlled directly by the control unit (i.e. the individual pump strokes), or the reservoir 
10 unit may comprise a pump of the constant flow-rate type (e.g. a bleeding hole pump) which is 
mechanically controlled by flow control means provided in the control unit. For example, in a 
very simple configuration, a bleeding hole pump comprises two different flow restrictors one 
of which is activated by a mechanical command when a corresponding control unit is locked 
in place. In this way a fully mechanical system may be provided comprising e.g. a spring 
15 driven pump and two mechanical control units by which one of two flow rates is selected 
when the corresponding control unit is attached. 

The expelling means may be comprised in either the reservoir unit, the control unit or divided 
between the two units. In exemplary embodiments, the expelling means is fully comprised in 

20 the reservoir unit which is provided as a unitary unit. Depending on the nature of the expel- 
ling means, the expelling means per se may be fully comprised in the reservoir unit but with 
an interface controlled dynamically by the control unit. For example, a bleeding hole pump 
may be activated by a mechanical "on" command which opens for the flow of drug, and sub- 
sequently controlled by a "flow rate" command in which a flow conduit is opened and closed 

25 by means arranged in the control unit. 

In exemplary embodiments, the expelling means is controlled by a control unit providing at 
least one command controlling the expelling means, the control unit being adapted to control 
at least one command controlling the expelling means (either directly or via local processor 
30 means), however, the expelling means may be controlled independently of the control unit. 
For example, a reservoir unit may be adapted to provide a given delivery rate without the co- 
operation of a control unit, the delivery means being either "self-controlled" (e.g. a spring- 
driven bleeding hole pump or an osmotic pump) or electronically controlled by local proces- 
sor means (e.g. a membrane or piston pump). In this configuration the control units merely 
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provide additional functions by controlling additional commands or actions, e.g. transmission 
commands, display commands, memory commands etc. 

In a second specific aspect the present invention provides a system for delivering a drug to a 
5 user, comprising at least first and second reservoir units and a control unit. 

In an exemplary embodiment at least the first and second reservoir units each comprises a 
reservoir adapted to contain a liquid drug and comprising, in a situation of use, associated 
outlet means, expelling means for expelling a drug out of the reservoir through the outlet 
10 means, and local processor means providing one or more commands, wherein each reser- 
voir unit provides a different combination of commands. The control unit comprises control 
means for controlling the operation of the local processor means, wherein the control means 
is adapted to control, at least partially, the different combinations of commands, thereby pro- 
viding each combination of a reservoir unit and the control unit with different capabilities. 

15 

In a further exemplary embodiment each reservoir unit comprises a reservoir adapted to con- 
tain a liquid drug and comprising, in a situation of use, associated outlet means, each reser- 
voir unit being adapted to receive at least one command from the control unit and perform an 
action in response thereto, the system comprising expelling means for expelling a drug out of 
20 the reservoir through the outlet means. The control unit comprises control means providing a 
number of commands, in exemplary embodiments including at least one command control- 
ling the expelling means, whereby each combination of a disposable unit and the control unit 
is provided with different capabilities. 

25 In a third specific aspect the present invention provides a system for delivering a drug to a 
user, comprising at least first and second reservoir units and at least first and second control 
units. 

In an exemplary embodiment at least the first and second reservoir units each comprises a 
30 reservoir adapted to contain a liquid drug and comprising, in a situation of use, associated 
outlet means, expelling means for expelling a drug out of the reservoir through the outlet 
means, local processor means providing one or more commands, wherein each reservoir 
unit provides a different combination of commands. At least the first and second reservoir 
units each comprises control means for controlling the operation of a local processor means, 
35 wherein the control means is adapted to control different commands or, at least partially, dif- 
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ferent combinations of commands, thereby providing each combination of a reservoir unit 
and a control unit with different capabilities. 

In a further exemplary embodiment each reservoir unit comprises a reservoir adapted to con- 
5 tain a liquid drug and comprising, in a situation of use, associated outlet means, each reser- 
voir unit being adapted to receive at least one command from the control unit and perform an 
action in response thereto, the system comprising expelling means for expelling a drug out of 
the reservoir through the outlet means. Each control unit comprises control means providing 
one or more commands, wherein each control unit is adapted to provide a different command 
10 or combination of commands, thereby providing each combination of a reservoir unit and a 
control unit with different capabilities. 

As for the first specific aspect, the expelling means of the second and third aspect may be 
controlled by the control unit or be controlled independently of the control unit. Correspond- 
15 ingly, it readily appears that any of the features described for a reservoir or control unit in re- 
spect of the general aspect can be utilized with corresponding effect for systems comprising 
different combinations of units as defined for the first, second and third aspects of the pre- 
sent invention. 

20 In the above disclosure of the invention, the components of the system have been described 
primarily with respect to technical features. In the following different exemplary "user- 
oriented" configurations will be disclosed. 

In one aspect, the "external" configuration of the present invention may be based on the con- 
25 cept of a reservoir unit (e.g. a disposable, prefilled unit) defining the outer boundaries, or the 
platform, for the system to which different control units (e.g. durable units) can be attached, 
the different control units providing combined devices with different capabilities, this in con- 
trast to most of the known systems which are based on the concept of the durable unit defin- 
ing, in general, the platform and the outer boundaries for the combined infusion system, the 
30 disposable reservoir unit being inserted or attached to this platform. 

When the control unit is attached to the reservoir during operation, the resulting drug delivery 
device may be considered a "combined" device comprising a reservoir unit and a control unit. 
The combined device comprises expelling means (e.g. a pump) for expelling a liquid from the 
35 reservoir, however, according to the specific design thereof, the expelling means may be 
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comprised either entirely in the reservoir unit or it may be made up of a liquid-contacting por- 
tion comprised in the reservoir unit and adapted to cooperate with expelling means com- 
prised in the control unit. 

5 The control unit may be attached in any desirable way. In an exemplary configuration the 
control unit is inserted into an opening or recess of the reservoir unit adapted to accommo- 
date and connect to the control unit, the units comprising corresponding mating coupling 
means. For such a configuration the reservoir unit could be said to represent a housing into 
which the control unit is inserted fully or partly, i.e. either flush with a surface of the dispos- 
10 able unit or protruding more or less. In another exemplary embodiment the control unit is in 
the form of a member which can be attached onto the housing of the disposable unit, for ex- 
ample along an edge thereof. In case the control unit is in the form of remote control unit, the 
units may be adapted to be attached to each other in the same way when it is desirable to 
have only one unit. 

15 

In an exemplary embodiment the reservoir unit comprises a housing having a first surface 
configured to be arranged against the skin surface of a user, and a second surface facing 
away from the first surface and comprising means for allowing a control unit to be attached in 
a mating relationship. In an exemplary embodiment the first surface is provided with an ad- 
20 hesive means for attaching the housing to the skin of the user, the second surface preferably 
being arranged substantially opposite the first surface. 

As discussed above, the actual mechanical, electrical and electronic interface between the 
two units is decided during a normal design procedure, however, the interface should de- 
25 signed in such a way, that the highest degree of constructional freedom is provided for both 
of the units, allowing the "controlling capabilities" of the control unit to be varied from very 
complex versions to very simple versions. 

More specifically, the control unit may comprise control means adapted primarily to provide a 
30 user interface allowing the user to "communicate" with the infusion device, e.g. providing the 
user with information of the present settings, the amount of previously infused drug for a 
given period, the type of drug in the actual disposable unit and the amount remaining, as well 
as allowing the user to program or change the actual settings. The control unit may comprise 
an energy source for providing the control means with electric energy, this allowing the con- 
35 trol unit to be operated when disconnected from the reservoir unit as well as providing energy 
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for supporting any volatile information stored in the control unit (e.g. individual settings and 
information of infusion history), however, energy for operating the control unit when attached 
to the reservoir unit may be provided from an energy source within the latter. 

5 The interface between the control and the reservoir unit is advantageously designed for 
communication between different "types" of means for a given functionality such that a gen- 
eral set of control commands (e.g. for a given infusion rate) can be used to control a diversity 
of expelling means having diverse nature. In the same way, different types of reservoir units 
may communicate with the control means also using a general set of commands informing 
10 the control means about the type of disposable unit, the amount remaining the reservoir etc. 

The communication between the control unit and the reservoir unit may take place by any 
suitable means, including electrical contacts, opto-electrical means (e.g. IR light) or RF radio- 
transmission. The control or the reservoir unit may be provided with more than one type of 

15 communication means, this allowing a given unit to communicate with different types of other 
units. The above-described "advanced" communication means may also be combined with 
means allowing for mechanical communication as will be described in greater detail below. 
For example, a reservoir unit may be provided with first means which allows a simple me- 
chanical control unit to start the infusion process, as well as second means allowing high- 

20 level bi-directional communication between the two units. 

In the above, relatively complex control units have been described having advanced control 
or display features which in most cases require the provision of electronic means to be im- 
plemented. However, it is also within the scope of the present invention to provide much 

25 simpler control units based for example on "mechanical communication" between the control 
unit and the reservoir unit. In a very simple form the control unit functions merely as an "on- 
button" when attached, or as an "on-off" switch in case the control unit is detachable. Such a 
simple control unit may further comprise means allowing the disposable unit to be "pro- 
grammed" (i.e. activating a given set of commands) depending on the configuration of the 

30 control unit. For example, the reservoir unit may be configured to provide a plurality of differ- 
ent basal rates, the actual basal rate being set by the configuration of the control unit. For 
this kind of control different control units may be provided for each basal rate or a single con- 
trol unit may be set in accordance with the desired rate (e.g. in accordance with the orienta- 
tion when attached). In exemplary embodiments of the above-described simple versions of 

35 the control unit, the communication between the control unit and the reservoir unit is based 
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on mechanical interactions, whereby the mechanical configuration of the control unit is de- 
tected by the reservoir unit. The mechanical control means may cooperate with any suitable 
kind of contact means in the reservoir unit, e.g. electrical contacts or opto-electrical means. 

5 Although the above-described exemplary embodiments provide a large degree of construc- 
tional freedom, it is also within the scope of the present invention to provide cooperating units 
which to a higher degree is adapted specifically to each other. For example, the control unit 
may comprise pump means in the form of a peristaltic pump which will only operate in com- 
bination with a reservoir unit comprising expelling means in the form of a corresponding tub- 
10 ing, or a drive means adapted to operate a valve-controlled expelling pump associated with 
the reservoir. 

In the above description of the invention the terms "disposable" and "durable" have been 
used, the latter traditionally defining the part of the system which as a consequence of a rela- 

15 tively high price is intended for being used for a longer period, normally several years. Typi- 
cally, the high price was due to the cost of a relatively expensive housing as well as pump 
and control means, the latter including programming means. However, strictly speaking, any 
"durable" unit comprising the above components may be considered a disposable unit in 
case the cost thereof is sufficiently low. In the same way, the "disposable" unit may be semi- 

20 disposable such that the reservoir can be re-filled with a given drug. 

By (also) providing a disposable control unit a number of advantages is achieved from the 
sight of the manufacturer as well by allowing a large number of variants to be produced and 
distributed in an effective manner. For example, different versions of the reservoir unit as well 

25 as different versions of the control unit may be produced at different locations and shipped 
independently of each other to a given location, where the units may be assembled, for ex- 
ample at the point of sale. In this way cheap or expensive versions of the two units may be 
combined as desired. When the control unit is sold as a disposable component, the mating 
coupling means may be adapted to permanently secure the control unit to the housing pre- 

30 venting the reuse of the control unit. Actuating the system to start drug delivery may be by 
further manipulation of the control unit (e.g. pressing or turning) or by additional means pro- 
vided on the reservoir unit. In this way it would be possible to produce one or more control 
units which just prior to installation are given a functionality corresponding to either a cheap 
or a more expensive version. 



35 
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In exemplary embodiments, the coupling means provided in the reservoir unit is of a "gen- 
eral" type allowing different control modules to be locked in either a permanent or a releas- 
able manner in accordance with the type of control module. 

5 The expelling means may be of any desirable nature, such as known from US patents 
4,340,048 and 4,552,561 (based on osmotic pumps), US patent 5,858,001 (based on a pis- 
ton pump), US patent 6,280,148 (based on a membrane pump), US patent 5,957,895 (based 
on a flow restrictor pump (also know as a bleeding hole pump)), or US patent 5,527,288 
(based on a gas generating pump), which all in the last decades have been proposed for use 

10 in inexpensive, primarily disposable drug infusion pumps; the cited documents being incorpo- 
rated by reference. 

The outlet means associated with the reservoir may be in direct fluid communication with the 
reservoir (e.g. in case the expelling means is arranged "before" the reservoir as for a piston 

15 pump) or indirect fluid communication (e.g. in case the expelling means is arranged "after" 
the reservoir as for a membrane pump). The outlet means may be adapted to be brought in 
fluid communication with infusion means (e.g. a catheter tubing or transcutaneous access 
means such as an infusion needle, a flexible infusion cannula or a plurality of micro- 
penetrators) or may comprise these. In the latter case the fluid communication may be estab- 

20 lished just prior to use, before or after the drug delivery device has been arranged on the 
user. 

The reservoir may be prefilled with the liquid to be infused and thus ready to be used, or it 
may be adapted to be filled with the liquid from an external source prior to use, the latter in 
25 case a prefilled reservoir will result in reduced shelf-life for the contained liquid. 

As used herein, the term "drug" is meant to encompass any drug-containing flowable medi- 
cine capable of being passed through a delivery means such as a hollow needle in a con- 
trolled manner, such as a liquid, solution, gel or fine suspension. Representative drugs in- 
30 elude pharmaceuticals such as peptides, proteins, and hormones, biologically derived or ac- 
tive agents, hormonal and gene based agents, nutritional formulas and other substances in 
both solid (dispensed) or liquid form. In the description of the exemplary embodiments refer- 
ence will be made to the use of insulin. Correspondingly, the term "subcutaneous" infusion is 
meant to encompass any method of parenteral delivery to a subject. 

35 
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BRIEF DESCRIPTION OF THE DRAWINGS 

In the following the invention will be further described with references to the drawings, 
wherein 

5 

fig. 1 A is a schematic representation of a first embodiment of the invention, 
fig. 1B is a schematic representation of a further embodiment of the invention, 
10 figs. 2A-2B show a second embodiment of the invention, 
figs. 3A-3B show a third embodiment of the invention, 
figs. 4A-4B show a fourth embodiment of the invention, 

15 

fig. 5 shows a fifth embodiment of the invention, 
fig. 6 shows a sixth embodiment of the invention, and 
20 figs. 7A-7C show different combinations of a reservoir unit and a control unit. 
In the figures like numerals are used to denote like or similar structures. 
DESCRIPTION OF EXEMPLARY EMBODIMENTS 

25 

Fig. 1A shows a schematic representation of a first embodiment of the invention. Corre- 
spondingly, the configuration of the different structures as well as there relative dimensions 
and locations are intended to serve illustrative purposes only. 

30 More specifically, a drug delivery system (here: infusion system) 1B comprises a reservoir 
unit 10 in combination with three different control units 20, 30, 40, in which a combination of 
the reservoir unit and one of the control units provides an operative drug delivery device. 

The reservoir unit comprises a drug reservoir 11 and a pump 12 comprising an outlet means 
35 13 and adapted for infusing a drug into a body of a user in accordance with instructions (i.e. 
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a local command) received from a local processor 15. The pump may be of the metering 
type, i.e. the amount of drug infused corresponds to the controlling signals received from the 
local processor or the infusion unit may be provided with detecting means for determining the 
amount of drug actually infused (not shown). The local processor is associated with a local 
5 receiving means 16 cooperating with the local processor means for receiving control com- 
mands from at least one of the control units. An energy source 19 is provided in the form of a 
battery. 

The three control units are in the form of a basic unit 20, a standard unit 30 and an advanced 
10 unit 40. The standard control unit comprises a control processor 35 associated with a trans- 
mitter 36 for wireless transmitting control commands to the local processor via the local re- 
ceiving means. The control unit further comprises a display 31 associated with the control 
processor. The display may be used when the user enters information into the control unit via 
user-accessible input means (not shown), e.g. the desired size for a bolus command or pro- 
15 gram data changing the infusion rate or profile, the information being transferred via the 
transmitting means. An energy source 39 is provided in the form of a battery. The standard 
control unit 30 may be attached to the reservoir unit 10 by releasable means 14, 34. 

The first combination is based on one-way transmission of commands from the control unit to 
20 the reservoir unit, however, the reservoir unit comprises local transmission means 17 coop- 
erating with the local processor means for transmitting data information to control receiving 
means 47 provided in the advanced control unit 40. The data may comprise information as to 
the initial amount of drug in the reservoir, the current amount of drug in the reservoir, the in- 
fusion rate, information from a sensor element or ID information identifying the given reser- 
25 voir unit. The advanced control unit further comprises memory means 42 allowing transmit- 
ted and/or received commands/data to be stored and recalled. The memory means may be 
detachable, e.g. in the form of a memory stick or card. 

The first and second combinations are based on one-way transmission of commands from 
30 the control unit to the reservoir unit, however, the reservoir unit further comprises second lo- 
cal receiving means 18 adapted to cooperate mechanical command means 28 provided on 
the basic control unit 20. More specifically, the basic control unit is provided with a protrusion 
28 adapted to be received in the second local receiving means when the reservoir unit and 
the control unit are attached to each other by releasable or non-releasable means 14, 24. 
35 The reservoir unit may be adapted to provide a single basal infusion rate when combined 



WO 03/026726 



PCT/DK02/00616 



21 

with the basic control unit, or it may be adapted to provide a plurality of infusion rates which 
can be specifically activated by mechanical commands from a corresponding number of dif- 
ferent basic control units. 

5 Fig. 1B shows a schematic representation of a further embodiment of the invention. Corre- 
spondingly, the configuration of the different structures as well as there relative dimensions 
and locations are intended to serve illustrative purposes only. 

More specifically, a drug delivery system 1B comprises two different reservoir units 110, 150 
10 in combination with a control unit 120 in which a combination one of the reservoir units and 
the control units provides an operative drug delivery device. 

In contrast to the control units of the first embodiment, the control unit 120 comprises an at- 
tachable subunit 130 and a remote subunit 140, the subunits comprising transmission means 

15 and corresponding receiving means adapted for wireless transmission of commands or data 
information to and/or from the respective unit(s). For this reason the control unit 120 may be 
considered a control assembly. The reservoir units of the system and the attachable subunit 
comprise mating coupling means allowing the attachable subunit to be secured to a reservoir 
unit, the mating coupling means including communication means 131, 132 allowing com- 

20 mands or data information to be transferred, whereby commands or data information to 
and/or from a reservoir unit can be transmitted wireless between the remote subunit and the 
reservoir unit via the attachable subunit. 

The remote subunit 140 generally corresponds to the advanced control unit of the first em- 
25 bodiment, i.e. comprising a control processor 145 associated with transmitting and receiving 
means 146, 147, a display 141 associated with the control processor, memory means 142 
and an energy source 149. The attachable subunit also comprises a processor 135 associ- 
ated with receiving means and transmitting means 136, 137 and an energy source 139. In 
the shown embodiment the attachable subunit further comprises a mechanical pump actua- 
30 tor 131 serving as a mechanical means for transmitting commands to a corresponding pump 
in a reservoir unit, as well as electrical contact means 132 for receiving information from a 
reservoir unit, i.e. providing "passive" control commands allowing the sensor to be used. The 
reservoir unit and the attachable subunit are attached to each other by releasable means as- 
sociated with the mating coupling means. 

35 
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The first reservoir unit 110 comprises a drug reservoir 111 and a pump 112 comprising an 
outlet means 1 1 3 and adapted for infusing a drug into a body of a user in accordance with 
commands received from the attachable subunit, as well as a sensor 114 in communication 
with electrical contact means 115 for transmitting information to the attachable subunit, the 
5 electrical contact means also providing the energy necessary for driving the sensor. The 
pump comprises a mechanical interface allowing the pump to be driven in a controlled man- 
ner via the command/actuator means 131. In the shown embodiment the pump is in the form 
of a membrane pump driven by command actuators located in the attachable subunit, how- 
ever, a variety of pump and command means may be utilized. For example, the pump may 

10 be of the bleeding hole type comprising valve means controlled by the control unit (preferably 
in combination with flow control means) or may essentially correspond to the above- 
described first embodiment in which the reservoir unit comprises a local processor which in 
this further embodiment would be controlled via the processor 135 and energized from the 
battery 139. The sensor 1 14 is adapted for detecting a condition in the body of the user such 

15 as the blood glucose level. The detected glucose level may be transmitted to the remote 
subunit and displayed on the display or it may be utilized for controlling the delivery of the 
drug in response thereto in a closed loop arrangement. 

Whereas a combination of the first reservoir unit and the control unit provides an advanced 
20 pump assembly based on two-way transmission of commands/data between the control unit 
and the reservoir unit and comprising an integrated sensor system, the second reservoir unit 
150 is a basic unit merely providing a controllable pump 152 in combination with a drug res- 
ervoir 151. 

25 Figs. 2A and 2B show a second embodiment of the invention. More specifically, a drug deliv- 
ery (here: infusion) system 2 comprises a reservoir unit 200 in combination with two different 
control units 250, 260, in which a combination of the reservoir unit and one of the control 
units provides an operative drug delivery device. 

30 The reservoir unit comprises an outer housing defining the outer boundaries for the com- 
bined infusion device, the housing having an upper surface 201, a rim portion 202 and a 
lower surface 203 adapted to be arranged towards a skin surface of a user. Preferably the 
lower surface is provided with an adhesive (not shown) allowing the device to be attached 
directly to the skin surface. In the upper surface an opening 204 is provided adapted to re- 

35 ceive a control unit, the reservoir unit and the control units including mating coupling means 
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205, 255, 265 so as to allow a control unit to be secured to the reservoir unit, the mating 
coupling means including electrical contacts 206, 256, 266. 

The control unit 250 comprises a housing having an upper surface 251, a rim portion 252 
5 and a lower surface 253, the control unit being adapted to be received in a corresponding 
opening in the reservoir unit 200, the control unit including mating coupling means 255 so as 
to allow the control unit to be secured to the disposable unit. It is to be noted that the cou- 
pling means shown on the control units respectively the reservoir unit are not intended to en- 
gage each other but are merely arranged for illustrative purposes. In accordance with the ac- 
10 tual design of the units, the electrical contacts may provide command/data transfer to and/or 
from the control unit as well as providing the control unit with energy from an energy source 
provided in the disposable unit or vice versa. 

The control unit 250 comprises a user interface having a user actuatable key 257 and a dis- 
15 play 258. In the shown embodiment only a single key is provided, for example in the form of 
an on-off switch or a bolus key. In accordance with the actual design of the control unit, the 
display may provide the user with different kinds of information, e.g. the actual infusion pro- 
file, the amount of drug infused (e.g. for insulin a number of units) for a given period, the 
amount of drug remaining in the disposable unit etc. 

20 

As the basal infusion rate for any drug to be infused using the device of the invention will be 
dependent of the individual user, it could be possible to set such a basal rate using control 
means arranged on either of the two units. As this setting normally will not have to be 
changed on a regular basis, these control means may be provided on portions of the units 
25 which are hidden to the user when the two units are secured to each other, for example on 
the rear surface of the control module. 

The second control unit 260 essentially corresponds to the first control unit 250, the differ- 
ences being a group of user actuatable keys 267, e.g. allowing the unit to be programmed by 

30 the user, as well as another display 268, e.g. having graphic and/or alpha-numeric capabili- 
ties. The second control unit further comprises a memory means as well as a back-up energy 
source therefore (not shown). In the shown embodiment all pump components in contact with 
the drug is contained in the disposable part, however, according to the actual type of pump, 
some components thereof may be provided in the control unit, for example a small electric 

35 motor actuating a valve pump comprised in the disposable unit. The memory means allows 
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the control unit to be released from a first disposable unit and placed in a second disposable 
unit without loss of information contained in the control unit, e.g. specific program settings or 
information regarding the amount of drug infused for one or more periods. 

5 In a further embodiment (not shown), the disposable unit may comprise additional means 
providing a back-up memory function for the control unit, this allowing a new or pre-used 
control unit to be updated when inserted into such a disposable unit. 

Fig. 2B shows the reservoir unit 200 with the control unit 250 mounted. As can be seen, the 
10 control unit is fully embedded in the opening of the reservoir unit, the upper surfaces of the 
two units being arranged flush with each other. Advantageously, such a design could be 
used in cases where the combined device is sold as a disposable single unit (preferably with 
a basic control unit as described above), the control unit being inserted into the opening be- 
fore being sold. Indeed, the shown flush configuration may also be used for control units in- 
15 tended for re-use. 

Not to be seen, the reservoir unit comprises a reservoir, a pump means for pumping drug 
contained in the reservoir to an outlet opening (not shown) and an energy source for operat- 
ing the pump and, if deemed appropriate, the control unit when attached. As described 
20 above with reference to the second control unit 260, the pump means may serve fully or only 
partly as an operating pump, the remaining components being provided by the control unit. 
Further, depending on the actual type and design of the pump, control means for operating 
the pump may be provided in either of the units or divided therebetween as discussed in 
greater detail in the introductory portion. 

25 

Figs. 3A and 3B show a third embodiment of the invention. More specifically, a drug delivery 
(here: infusion) system 3 comprises a reservoir unit 300 in combination with three different 
control units 350, 360, 370 in which a combination of the reservoir unit and one of the control 
units provides an operative drug delivery device. 

30 

The reservoir unit comprises an outer housing defining the outer boundaries for the com- 
bined infusion device, the housing having an upper surface 301, a rim portion 302 and a 
lower surface 303 adapted to be arranged towards a skin surface of a user and preferably 
being provided with an adhesive. The reservoir unit is provided with a "cut-out" portion 304 
35 adapted to receive a control unit, the reservoir unit and the control units including mating 
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coupling means 305, 355, 365, 375 so as to allow the control unit to be secured to the reser- 
voir unit, the mating coupling means including electrical contacts. As can be seen, the lower 
portion comprises an extension in the form of a base plate portion which extends in a tongue- 
like fashion corresponding to the cut-out portion of the housing, the upper surface 307 of the 
5 base plate portion and the portion 312 of the rim facing towards the base plate portion pro- 
viding mounting surfaces for a control unit and together defining a confinement for a control 
unit. As appears from the figure, the confinement 304 is provided within the outer boundaries 
of the disposable housing. The reservoir unit 300 comprises the same internal components 
as described for the second embodiment. 

10 

The control unit 350 comprises a housing having an upper surface 351, a rim 352 and a 
lower surface 353, the rim comprising a connecting portion 354. The control unit is adapted 
to be received in the corresponding confinement 304 in the reservoir unit 300, the control unit 
including mating coupling means 355 on the connecting portion 354 and the lower surface 
15 (not shown) so as to allow the control unit to be secured to the corresponding portions 312, 
307 of the reservoir unit, the mating coupling means including electrical contacts. The cou- 
pling means may be of the same type as discussed above with reference to the fig. 2A em- 
bodiment. The control unit 350 comprises a simple user interface having a single user ac- 
tuatable key 357, for example in the form of an on-off key or a bolus key, but no display. 

20 

The second control unit 360 has the same dimensions as the first control unit 350, but com- 
prising two keys and a display 368. The display may provide the user with information as to 
infusion settings and/or history, just as the display would allow the control unit to be menu- 
programmable using the two keys. The third control unit is somewhat larger (and thus larger 
25 than the upper base plate surface 307) and comprises four keys and a larger display 378. 

Fig. 3B shows the reservoir unit 300 with the control unit 350 mounted. As can be seen, the 
control unit fully occupy the confinement 304 defined within the outer boundaries of the dis- 
posable housing, the upper and outer rim surfaces of the two units being arranged flush with 
30 each other. The control unit may be attached in releasable or a non-releasable manner. 

Figs. 4A and 4B show a fourth embodiment of the invention. More specifically, a drug deliv- 
ery system 4 comprises two reservoir units 400, 410 in combination with a control unit 450 in 
which a combination of one of the reservoir units and the control unit provides an operative 
35 drug delivery device. The first reservoir unit 400 has the same general outer configuration as 
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in the second embodiment comprising an opening 404 adapted to receive a control unit, 
whereas the second reservoir unit 410 has the same general outer configuration as in the 
third embodiment comprising a cut-out portion 414 adapted to receive a control unit. Fig. 4B 
shows the reservoir unit 410 with the control unit 450 mounted. 

5 

Fig. 5 shows a fifth embodiment of the invention in which a drug delivery system 5 comprises 
two reservoir units 500, 510 in combination with an advanced control unit 550 having a key- 
board and a display, whereby a combination of one of the reservoir units and the control unit 
provides an operative drug delivery device. In contrast to the embodiments described with 

10 reference to figs. 2-4, the units comprise wireless communication means 506, 516, 556 for 
transmission of commands/data and the units are not adapted to be connected to each other. 
The first reservoir unit 500 may represent a basic reservoir unit providing e.g. a single basal 
rate which can be activated by the control unit. The second reservoir unit 510 may represent 
an advanced reservoir unit being fully programmable by means of the control unit (e.g. allow- 

15 ing the user to enter a desired infusion rate or profile or a bolus command) as well as provid- 
ing two-way exchange of command instructions and data information. 

Fig. 6 shows a sixth embodiment of the invention in which a drug delivery system 6 com- 
prises two control units 650, 660 in combination with an advanced reservoir unit 600 whereby 
20 a combination of one of the control units and the reservoir unit provides an operative drug 
delivery device. In contrast to the embodiments described with reference to figs. 2-4, the 
units comprise wireless communication means 606, 556, 566 for transmission of com- 
mands/data and the units are not adapted to be connected to each other. 

25 The first control unit 650 comprises a simple user interface having a single user actuatable 
key 657, for example in the form of an on-off key or a bolus key, but no display. The second 
control unit 660 has an entirely different configuration comprising three keys 667 and a dis- 
play 668. The display may provide the user with information as to infusion settings and/or 
history, just as the display would allow the control unit to be menu-programmable using the 

30 two keys. 

Fig. 7A discloses a control unit 750 mounted in a reservoir unit 700. Apart from the outer 
form of the control unit and the corresponding confinement in the reservoir unit, the units are 
of the same general configuration as the embodiment shown in fig. 3B to which reference is 
35 made. Fig. 7B shows the combined infusion device of fig. 7A with a hollow infusion needle 
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701 attached in communication with an outlet from the pump or reservoir means and protrud- 
ing from the lower surface of the reservoir unit. The lower surface is further provided with a 
peelable liner 702 covering an adhesive layer for attaching the device to the skin of the user. 
To facilitate introduction of the needle, the disposable device may be provided with user ac- 
5 tuatable means for automatically advancing the needle into the skin after the device has 
been attached. Fig. 7C shows the infusion device of fig. 7B with an infusion catheter attached 
in communication with an outlet from the pump means. The infusion catheter comprises an 
infusion line or tubing 710 communicating with an infusion needle 711, a pad 712 being pro- 
vided between the line and the needle, the pad allowing the catheter and needle to be 
10 gripped during the insertion procedure just as it allows the catheter to be properly secured to 
the skin of the user. 

The reservoir unit may be provided with an outlet opening in the vicinity of the lower surface 
thereof comprising a connector allowing either an infusion needle or an infusion catheter to 
15 be attached to the opening. Such a connector may also serve as a port for filling the reser- 
voir, either initially or during re-filling. 

While the present invention has been described in connection with the exemplary embodi- 
ments shown in the various figures, the delivery system according to the invention may be 
20 provided with additional features providing improved functionality, control and ease of use.' 

For example, a sensor may be provided for continuously measuring the pressure in the infu- 
sion line or needle, this allowing the detection of a malfunctioning which could be used to ini- 
tiate an alarm making the user aware of a problem. 

25 

However, more advanced sensors may be incorporated in the units. For example, it may be 
desirable to automatically deliver certain drugs only when required by the subject, either by 
patient activation or passively, such as by a feedback mechanism. In such a case, the device 
further includes a sensor (feedback) for detecting a condition in the body of the subject and 
30 for controlling the delivery of the drug in response thereto. The sensor may be, for example, 
a temperature sensor, a pulse rate sensor, a blood glucose sensor, a blood pressure sensor 
or a pH sensor. The sensors may be formed integrally with the reservoir unit or attached 
separately. The sensor may rest against the skin, may be inserted through the skin, or may 
be within the device and separate from the skin. 
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The reservoir unit may also include a plurality of drug reservoirs, each reservoir being inde- 
pendently controllable and communicating with an outlet with which a single infusion needle 
also communicates. For such a plurality of drug reservoirs, pump means integrally formed 
5 with the reservoir is preferred, for example in the form of individual gas generators. Including 
a plurality of drug reservoirs provides for considerable variations in the amounts of drug 
which can be delivered, in the rates at which drug can be delivered and in the number of 
drugs which can be delivered by the same device. The reservoir unit may further be provided 
with a reservoir for a calibrating liquid in case the unit is provided with sensors requiring such 
10 a liquid. 

In the above description of the exemplary embodiments, the different structures providing 
mechanical, electrical and fluid contact and communication between the different compo- 
nents just as the means providing the described functionality for the different components 
15 (i.e. pump, reservoir, energy source, memory, control, display etc.) have been described to a 
degree to which the concept of the present invention will be apparent to the skilled reader. 
The detailed construction and specification for the different components are considered the 
object of a normal design procedure performed by the skilled person along the lines set out 
in the present specification. 

20 



***** 
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Claims 

1 . A system for delivering a drug to a user, comprising: 
a reservoir unit (10, 110), 

5 a control unit (40, 140), and 

at least one further reservoir unit (1 50) or control unit (30), 

each reservoir unit being adapted to receive at least one control command from a 
control unit and perform an action in response thereto, each reservoir unit comprising: 

a reservoir (11, 111) adapted to contain a liquid drug and comprising, in a situation 
10 of use, associated outlet means (13, 113), 

receiving means (16, 17, 18) for receiving the at least one control command, and 
means (12, 31, 42, 114) for performing at least one action in response to a control 
command, 

the system comprising expelling means (12, 112) for expelling a drug out of the res- 
15 ervoir through the outlet means, 

each control unit comprising: 

control means (28, 35, 135) providing one or more control commands for controlling 
the operation of a reservoir unit, wherein each combination of a reservoir unit and a control 
unit is adapted to provide a system with different capabilities. 

20 

2. A system as defined in claim 1, comprising a reservoir unit (10, 300) and at least 
first and second control units (30, 40, 350, 360), the reservoir unit comprising: 

a reservoir (11) adapted to contain a liquid drug and comprising, in a situation of 
use, associated outlet means (13), 
25 - expelling means (12) for expelling a drug out of the reservoir through the outlet 

means, 

local processor means (15) providing a number of local commands, 
means for performing at least one action in response to a local command, 
at least the first and second control units each comprising: 
30 - control means (35, 45) providing one or more control commands for controlling the 

operation of the local processor means, wherein each control unit is adapted to control a dif- 
ferent local command or combination of local commands, thereby providing each combina- 
tion of the reservoir unit and a control unit with different capabilities. 

35 3. A system as defined in claim 1, comprising a reservoir unit and at least first and 
second control units, the reservoir unit comprising: 
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a reservoir adapted to contain a liquid drug and comprising, in a situation of use, as- 
sociated outlet means, 

expelling means for expelling a drug out of the reservoir through the outlet means, 
local processor means providing a number of local commands including at least one 
5 command controlling the expelling means, 

at least the first and second control units each comprising: 

control means providing one or more control commands for controlling the operation 
of the local processor means, wherein each control unit is adapted to control a different local 
command or combination of local commands including at least one command controlling the 
10 expelling means, thereby providing each combination of the reservoir unit and a control unit 
with different capabilities. 

4. A system as defined in claim 1, comprising a reservoir unit and at least first and 
second control units, the reservoir unit comprising: 

15 a reservoir adapted to contain a liquid drug and comprising, in a situation of use, as- 

sociated outlet means, 

the reservoir unit being adapted to receive at least one control command from a 
control unit and perform an action in response thereto, 

the system comprising expelling means for expelling a drug out of the reservoir 
20 through the outlet means, 

each control unit comprising: 

control means providing one or more control commands, preferably including at 
least one control command controlling the expelling means, wherein each control unit is 
adapted to provide a different control command or combination of control commands, 
25 thereby providing each combination of the disposable unit and a control unit with different 
capabilities. 

5. A system as defined in claim 4, wherein the reservoir unit comprises local processor 
means (15) and at least one electronically controllable element (12) associated with the local 

30 processor means, the local processor means being controllable by at least one control unit. 

6. A system as defined in any of claims 2, 3 or 5, wherein the reservoir unit comprises: 
local receiving means (16) cooperating with the local processor means (15) for re- 
ceiving control commands from at least one control unit, 

35 - at least one of the control units comprising: 
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control processor means (35), 

control transmission means (36) cooperating with the control processor means for 
transmitting control commands to the local receiving means for controlling a local command 
or a combination of local commands. 

5 

7. A system as defined in any of claims 2, 3, 5 or 6, wherein the reservoir unit com- 
prises: 

local transmission means (17) cooperating with the local processor means (15) for 
transmitting data information to control receiving means (35) in at least one control unit, 
10 - at least one of the control units comprising: 

control receiving means (47) cooperating with control processor means (45) for 
receiving data information from the local processor. 

8. A system as defined in claim 6 or 7, wherein at least one transmission means (16) 
15 and the corresponding receiving means (36) are adapted for wireless transmission of com- 
mands or data information. 

9. A system as defined in any of claims 2-8, wherein the reservoir unit and at least one 
control unit comprise mating coupling means (14, 24, 18, 28) so as to allow the control unit to 

20 be secured to the disposable unit, the mating coupling means including communication 
means (18, 28) allowing information to be transferred. 

10. A system as defined in any of claims 2-8, wherein the reservoir unit and at least one 
control unit comprise mating coupling means (14, 34, 16, 36) so as to allow the control unit to 

25 be secured to the disposable unit, the mating coupling means including communication 
means (16, 36) comprising one or more of electrical contacts means, opto-electrical means, 
wireless transmission means, or mechanical contact means allowing information to be trans- 
ferred. 

30 11. A system as defined in any of claims 2-8, wherein at least one control unit com- 
prises an attachable subunit (130) and a remote subunit (140), 

the subunits comprising transmission means and corresponding receiving means 
(136, 146, 137, 147) adapted for wireless transmission of commands or data information to 
and/or from the respective unit(s), 
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the reservoir unit and the attachable subunit comprising mating coupling means so 
as to allow the attachable subunit to be secured to the reservoir unit, the mating coupling 
means including communication means (115, 132) allowing commands or data information to 
be transferred, 

5 - whereby commands or data information to and/or from the reservoir unit can be 

transmitted wireless between the remote subunit and the reservoir unit. 

12. A system as defined in claim 1, comprising at least first and second reservoir units 
(110, 150, 500, 510) and a control unit (130, 140, 550), at least the first and second reservoir 

10 units each comprising: 

a reservoir adapted to contain a liquid drug and comprising, in a situation of use, as- 
sociated outlet means, 

expelling means for expelling a drug out of the reservoir through the outlet means, 

local processor means providing one or more local commands, wherein each reser- 
15 voir unit provides a different combination of local commands, 

means for performing at least one action in response to a local command, 

the control unit comprising: 

control means providing one or more control commands for controlling the operation 
of the local processor means, wherein the control means is adapted to control, at least par- 
20 tially, the different combinations of local commands, thereby providing each combination of a 
reservoir unit and the control unit with different capabilities. 

13. A system as defined in claim 1, comprising at least first and second reservoir units 
and a control unit, at least the first and second reservoir units each comprising: 

25 a reservoir adapted to contain a liquid drug and comprising, in a situation of use, as- 

sociated outlet means, 

expelling means for expelling a drug out of the reservoir through the outlet means, 
local processor means providing one or more local commands, at least one local 
command controlling the expelling means, wherein each reservoir unit provides a different 
30 combination of local commands, 

the control unit comprising: 

control means providing one or more control commands for controlling the operation 
of the local processor means, wherein the control means is adapted to control, at least par- 
tially, the different combinations of local commands including at least one local command 
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controlling the expelling means, thereby providing each combination of a reservoir unit and 
the control unit with different capabilities. 

14. A system as defined in claim 1, comprising at least first and second reservoir units 
5 and a control unit, each reservoir unit comprising: 

a reservoir (111, 151) adapted to contain a liquid drug and comprising, in a situation 
of use, associated outlet means (113, 153), 

each reservoir unit being adapted to receive at least one control command from the 
control unit and perform an action in response thereto, 
10 - the system comprising expelling means (112, 152) for expelling a drug out of the 

reservoir through the outlet means, 

the control unit (130, 140) comprising: 

control means (131, 132) providing a number of control commands, preferably in- 
cluding at least one control command controlling the expelling means, whereby each combi- 
15 nation of a disposable unit and the control unit is provided with different capabilities. 

15. A system as defined in claim 14, wherein at least one reservoir unit comprises local 
processor means and at least one electronically controllable element associated with the lo- 
cal processor means, the local processor means being controllable by at least one control 

20 unit. 

16. A system as defined in any of claims 12, 13 or 15, wherein at least one of the reser- 
voir units comprises: 

local receiving means cooperating with the local processor means for receiving con- 
25 trol commands from the control unit, 
the control unit comprising: 
control processor means, 

control transmission means cooperating with the control processor means for 
transmitting control commands to the local receiving means for controlling a combination of 
30 commands. 

17. A system as defined in any of claims 12, 13, 15 or 16, wherein at least one reservoir 
unit comprises: 

local transmission means cooperating with the local processor means for transmit- 
35 ting data information to control receiving means in the control unit, 
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the control unit comprising: 

control receiving means cooperating with the control processor means for receiving 
data information from a local processor. 

5 18. A system as defined in claim 16 or 17, wherein at least one transmission means and 
the corresponding receiving means are adapted for wireless transmission of commands or 
data information. 

19. A system as defined in any of claims 12-18, wherein at least one reservoir unit and 
10 the control unit comprise mating coupling means so as to allow the control unit to be secured 

to the disposable unit, the mating coupling means including communication means allowing 
information to be transferred. 

20. A system as defined in any of claims 12-18, wherein at least one reservoir unit and 
15 the control unit comprise mating coupling means so as to allow the control unit to be secured 

to the disposable unit, the mating coupling means including communication means compris- 
ing one or more of electrical contacts means, opto-electrical means, wireless transmission 
means, or mechanical contact means allowing information to be transferred. 

20 21. A system as defined in any of claims 12-18, wherein the control unit comprises an 

attachable subunit (130) and a remote subunit (140), 

the subunits comprising transmission means and corresponding receiving means 

(136, 146, 137, 147) adapted for wireless transmission of commands or data information to 

and/or from the respective unit(s), 
25 - at least one reservoir unit and the attachable subunit comprising mating coupling 

means so as to allow the attachable subunit to be secured to the reservoir unit, the mating 

coupling means including communication means (131, 132) allowing commands or data 

information to be transferred, 

whereby commands or data information to and/or from the reservoir unit can be 
30 transmitted wirelessly between the remote subunit and the reservoir unit. 

++ 

22. A system as defined in claim 1, comprising at least first and second reservoir units 
and at least first and second control units, at least the first and second reservoir units each 
comprising: 
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a reservoir adapted to contain a liquid drug and comprising, in a situation of use, as- 
sociated outlet means, 

expelling means for expelling a drug out of the reservoir through the outlet means, 
local processor means providing one or more local commands, wherein each reser- 
5 voir unit provides a different combination of local commands, 

means for performing at least one action in response to a local command, 
at least the first and second control units each comprising: 

control means providing one or more control commands for controlling the operation 
of a local processor means, wherein the control means is adapted to control different com- 
10 mands or, at least partially, different combinations of commands, thereby providing each 
combination of a reservoir unit and a control unit with different capabilities. 

23. A system as defined in claim 1, comprising at least first and second reservoir units 
and at least first and second control units, at least the first and second reservoir units each 

15 comprising: 

a reservoir adapted to contain a liquid drug and comprising, in a situation of use, as- 
sociated outlet means, 

expelling means for expelling a drug out of the reservoir through the outlet means, 

local processor means providing one or more local commands, at least one local 
20 command controlling the expelling means, wherein each reservoir unit provides a different 
combination of local commands, 

at least the first and second control units each comprising: 

control means providing one or more control commands for controlling the operation 
of a local processor means, wherein the control means is adapted to control different local 
25 commands or, at least partially, different combinations of local commands including at least 
one local command controlling the expelling means, thereby providing each combination of a 
reservoir unit and a control unit with different capabilities. 

24. A system as defined in claim 1 , comprising at least first and second reservoir units 
30 and at least first and second control units, each reservoir unit comprising: 

a reservoir adapted to contain a liquid drug and comprising, in a situation of use, as- 
sociated outlet means, 

each reservoir unit being adapted to receive at least one control command from a 
control unit and perform at least one action in response thereto, 
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the system comprising expelling means for expelling a drug out of the reservoir 
through the outlet means, 

each control unit comprising: 

control means providing one or more control commands, preferably including at 
5 least one control command controlling the expelling means, wherein each control unit is 
adapted to provide a different control command or combination of control commands, 
thereby providing each combination of a reservoir unit and a control unit with different capa- 
bilities. 

10 25 A system as defined in claim 24, wherein the reservoir unit comprises local proces- 
sor means and at least one electronically controllable element associated with the local 
processor means, the local processor means being controllable by at least one control unit. 

26 A system as defined in any of claims 22, 23 or 25, wherein at least one of the reser- 
1 5 voir units comprises: 

local receiving means cooperating with the local processor means for receiving con- 
trol commands from the control unit, 

at least one of the control units comprising: 
control processor means, 
20 - control transmission means cooperating with the control processor means for 

transmitting control commands to a local receiving means for controlling a combination of 
commands. 

27. A system as defined in any of claims 22, 23, 25 or 26 wherein at least one reservoir 
25 unit comprises: 

local transmission means cooperating with the local processor means for transmit- 
ting data information to control receiving means in the control unit, 
at least one control unit comprising: 

control receiving means cooperating with the control processor means for receiving 
30 data information from a local processor. 

28. A system as defined in claim 26 or 27, wherein at least one transmission means and 
the corresponding receiving means are adapted for wireless transmission of commands or 
data information. 



35 
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29. A system as defined in any of claims 22-28, wherein at least one reservoir unit and 
at least one control unit comprise mating coupling means so as to allow a control unit to be 
secured to a disposable unit, the mating coupling means including communication means 
allowing information to be transferred. 

5 

30. A system as defined in any of claims 22-28, wherein at least one reservoir unit and 
at least one control unit comprise mating coupling means so as to allow a control unit to be 
secured to a disposable unit, the mating coupling means including communication means 
comprising one or more of electrical contacts means, opto-electrical means, wireless trans- 

10 mission means, or mechanical contact means allowing information to be transferred. 

31. A system as defined in any of claims 22-28, wherein at least one control unit com- 
prises an attachable subunit and a remote subunit, 

the subunits comprising transmission means and corresponding receiving means 
15 adapted for wireless transmission of commands or data information to and/or from the re- 
spective unit(s), 

at least one reservoir unit and the attachable subunit comprising mating coupling 
means so as to allow the attachable subunit to be secured to the reservoir unit, the mating 
coupling means including communication means allowing commands or data information to 
20 be transferred, 

whereby commands or data information to and/or from the reservoir unit can be 
transmitted wireless between the remote subunit and the reservoir unit. 

32. A system as defined in any of the previous claims, wherein at least one unit further 
25 comprises display means (141, 268) associated with and controlled by processor means 

(145). 

33. A system as defined in any of the previous claims, wherein at least one reservoir 
unit is in the form of a disposable, prefilled unit. 

30 

34. A system as defined in any of the previous claims, wherein at least one reservoir 
unit comprises a sensor (114), preferably associated with a local processor means. 

35. A system as defined in any of the previous claims, wherein at least one reservoir 
35 unit comprises a surface (203) configured to be arranged against a skin surface of a user, 



WO 03/026726 



PCT/DK02/00616 



38 

the surface preferably comprising an adhesive means for attaching the reservoir unit to the 
skin of the user. 

36. A system as defined in any of the previous claims, further comprising a sensor for 
continuously measuring a pressure associated with the outlet means. 

37. A system as defined in any of the previous claims, further comprising a sensor (1 14) 
for detecting a condition in the body of the user, and means (135, 145) for controlling the de- 
livery of the drug in response thereto. 

38. A system as defined in any of the previous claims, wherein at least one control unit 
comprises memory means. 
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AMENDED CLAIMS 

[received by the International Bureau on 03 February 2003 (03.02.03); 
original claim 1 replaced by amended claim 1] 

1 . (Amended) A modular system for delivering a drug to a user, comprising: 
a reservoir unit (10, 110), 

5 a control unit (40, 140), and 

at least one further reservoir unit (150) or control unit (30), 

each reservoir unit being adapted to receive at least one control command from a 
control unit and perform an action in response thereto, each reservoir unit comprising: 

a reservoir (11, 111) adapted to contain a liquid drug and comprising, in a situation 
10 of use, associated outlet means (13, 113), 

receiving means (16, 17, 18) for receiving the at least one control command, and 

means (12, 31, 42, 114) for performing at least one action in response to a control 
command, 

the system comprising expelling means (12, 112) for expelling a drug out of the res- 
15 ervoir through the outlet means, 

each control unit comprising: 

control means (28, 35, 135) providing one or more control commands for controlling 
the operation of a reservoir unit, 

wherein a reservoir unit and a control unit can be combined to provide a combina- 
20 tion thereof, whereby each combination of a reservoir unit and a control unit provides a com- 
bination with different capabilities depending on which units of the system are actually com- 
bined. 

2. A system as defined in claim 1, comprising a reservoir unit (10, 300) and at least 
25 first and second control units (30, 40, 350, 360), the reservoir unit comprising: 

a reservoir (11) adapted to contain a liquid drug and comprising, in a situation of 
use, associated outlet means (13), 

expelling means (12) for expelling a drug out of the reservoir through the outlet 

means, 

30 - local processor means (15) providing a number of local commands, 

means for performing at least one action in response to a local command, 
at least the first and second control units each comprising: 

control means (35, 45) providing one or more control commands for controlling the 
operation of the local processor means, wherein each control unit is adapted to control a dif- 
35 ferent local command or combination of local commands, thereby providing each combina- 
tion of the reservoir unit and a control unit with different capabilities. 

AMENDED SHEET (ARTICLE 19) 
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3. A system as defined in claim 1, comprising a reservoir unit and at least first and 
second control units, the reservoir unit comprising: 
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